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It is generally believed that most tumor antigens are passively released from either health or dying tumor cells as intact 
soluble antigens, peptide fragments complexed with heat shock proteins (HSPs), or packaged in secretary vesicles 
in the form of microparticles or exosomes. The passive release of tumor antigens is generally non-inflammatory and 
non-immunogenic; however, results from others and our laboratories suggest that autophagy is critically involved in 
immunogenic cell death. 



Autophagy is a process of packaging mis- 
folded proteins and damaged organelles 
in the autophagosomes and degrading 
them through fusion with lysosomes. 
During the early development of cancer, 
autophagy can serve as a tumor suppres- 
sion mechanism, since it clears abnor- 
mal proteins and limits genome damage. 
Autophagy becomes a mechanism of 
tumor promotion at later stages, because 
it helps tumor cells survive during physi- 
ological stress of metastases and stress 
induced by chemotherapy or irradiation. 1 
Notably, autophagy in cancer cells also 
plays a critical role by providing immu- 
nogenic tumor antigens and eliciting 
immune responses required for tumor cell 
destruction. 2,3 We have recently identified 
macroautophagy as one of these critical 
pathways that regulates antigen delivery, 
and shown that tumor macroautophagy 
regulates the efficiency of cross presenta- 
tion. 2 Tumor cells that undergo autophagy 
release autophagosomes, which are impor- 
tant tumor antigen sources for cross-prim- 
ing of tumor-specific CD8 + T cells, into 
the culture media. 3 By inducing autophagy 
and blocking protein degradation through 
proteasome and lysosome inhibition, 



we demonstrated that large amounts of 
secreted autophagosomes contain abun- 
dant ubiquitinated antigens. Using OVA 
and gplOO as model antigens, we showed 
that the tumor antigens sequestered in 
autophagosomes were efficiently cross-pre- 
sented to naive transgenic OT-I and pmel-1 
CD8 + T cells respectively in vitro and in 
vivo. Compared with soluble antigens, 
antigens packaged in the autophagosomes 
were superior in activating CD8 + T cells. 
We then investigated the mechanisms by 
which antigens in autophagosomes were 
cross-presented by DCs. CLEC9A, a novel 
C-type selectin receptor on a subset of 
DCs, plays an important role in cross-pre- 
sentation of dead cell-associated antigens. 
Interestingly, we detected high expression 
of CLEC9A ligand on autophagosomes. 
Blockade of the interaction between the 
CLEC9A ligand on autophagosomes and 
CLEC9A on DCs significantly reduced 
antigen cross-presentation, but did not 
affect uptake of autophagosomes by DCs. 
CLEC9A is likely involved in the intra- 
cellular process rather than phagocytosis 
of autophagosomes. Moreover, the size 
of autophagosomes (200-900 nm) may 
obligate them to non-acidic intracellular 



compartments that favor MHC I presenta- 
tion on DCs. Utilizing specific inhibitors 
of distinct types of endocytosis, we showed 
that cross-presentation of autophagosome 
derived antigens depended predominantly 
on the caveolae-mediated endocytosis 
pathway, which routes antigens to non- 
acidic compartments. We further dem- 
onstrated that tumor antigens present in 
the autophagosome must exit through 
the ERAD translocation machinery after 
which they are degraded by pAPC pro- 
teosomes. Thus, the autophagy-assisted 
antigen cross presentation pathway also 
requires the phagosome-ER-cytosol route 
of cross-presentation. 4 

These unique characteristics of tumor- 
derived autophagosomes make them an 
ideal vaccine candidate for cancer immu- 
notherapy. Using the 3LL Lewis lung 
cancer and B16F10 melanoma models, 
we showed that tumor-derived autopha- 
gosomes loaded onto DCs combined 
with poly I:C as the adjuvant signifi- 
cantly delayed tumor growth or eradi- 
cated tumors in C57BL/6 mice bearing 
established 3LL lung tumors. We also 
found potent therapeutic activity in mice 
with orthotopically transplanted primary 
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Figure 1. Autophagy-assisted antigen cross presentation and immunogenic cell death. (A) Tumor cells dying with autophagy produce autophago- 
somes that contain a variety of tumor antigens, activators of the innate immune system, and molecules that target autophagosomes to DCs. (B) Dying 
tumor cells release HMGB1 and other alarmins that mobilize and activate DCs. (C) Tumor cells dying with autophagy produce ATP and other molecules 
that directly or indirectly acting on T cells to enhance their activation, proliferation and effector functions. 



and metastatic 4T1 mammary carcino- 
mas following immunization with either 
autologous or allogenic tumor-derived 
autophagosomes (manuscript is in prepara- 
tion). The tumor-derived autophagosomes 
could selectively recruit ubiquitinated pro- 
teins via the p62-dependent pathways and 
we hypothesized many of these ubiquiti- 
nated proteins are derived from shared but 
tumor-specific transcriptome. 5 

Autophagosomes not only sequester 
tumor antigens for efficient initiation 
of adaptive immune responses, but also 
package DAMP molecules that activate 
innate immune response and enhance 
DC or T-cell function. In addition to the 
CLEC9A ligand, other potential DAMP 
molecules include cellular DNA and 
RNA, possibly in complexes with bac- 
tericidal peptide LL-37 (cathelicidin), 
HSPs and calreticulin. 6,7 Oppenheim first 
coined the term alarmins to describe one 



subset of these endogenous innate activa- 
tors that are rapidly secreted from innate 
immune cells, particularly neutrophils, 
or released by tissue damage and necrotic 
cells. 8 They include bactericidal peptides 
(defensin and cathelicidin), inflamma- 
tory cytokines (IL-la and IL-33), high 
mobility group box proteins (HMGB1, 
HMGN1), and cytosolic calcium-bind- 
ing proteins of the S100 family. Multiple 
HSPs, High mobility group box 1 pro- 
tein (HMGBs) and calreticulin are pres- 
ent in autophagosomes. As a bag full of 
immunological tricks, the tumor-derived 
autophagosomes are likely to continue 
to surprise us. Beside these antigens and 
ability to target CLEC9A cross-presenting 
dendritic cells, autophagosome vaccines 
contain many known, and perhaps some 
unknown, adjuvant components that acti- 
vate the innate and augment the adaptive 
immune responses respectively (Fig. 1). 



Many chemotherapy drugs and irradi- 
ation induce autophagy while killing the 
tumor cells. Our findings indicate that 
autophagosomes play an important role 
as antigen carriers, which suggests that 
cells dying with autophagy may release 
autophagosome antigens and inflamma- 
tion signals into the local environments 
or body fluids and elicit a strong CD8* 
T-cell immune responses. Interestingly, 
Kroemer's group recently discovered 
that autophagy provides energy required 
for priming of anti-tumor T-cell immu- 
nity by the release of ATG from dying 
cells. 9 Thus, autophagy in dying tumor 
cells plays a critical role in induction of 
anti-tumor immune response through 
multiple mechanisms. 10 Our group is 
exploiting these mechanisms and evaluat- 
ing the effectiveness of autophagosomes 
from cancer cells as vaccines for patients 
with cancer. 
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